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This chart is a guide to commonly used types of elec- tions should prove helpful in identifying most parts and 
tronic components, The symbols and related illustra- reading the schematic diagrams, 
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The Heathkit Model IP-27 Reguiated Low Voitage 
y is source of low 


urnish DC voltages 
DC current up to 


Amnanan Tawunen fun 


between .5 and 50 volts, and 


+ nanal matan nan 
L v JAGCL LITUOCL UAL 


1.5 amperes, The lax ge iron a 
be switched to measure either the output voltage 
or the output current; indicator lights show 


which function is being monitored, 


Output voltage is selected in 5-volt increments 


by the Coarse Voltage switch, and vernier ad- 


ean ho mada + : 
ean be made with the Fine Voltage 


control, Output current limiting is also selected 
in fixed _ranges by the Coarse Current switch, 


. 


sseneawt ananmtens 4 


and the Fine Current control is usedfor verni 
adjustments, 


quictm anta 
JUSUMENnIS 


Output is taken from the positive (+) andnegative 


fuennt nanoal hindine nnata whinh ara nn 
id Which are CoOm- 


pletely isolated from the chassis, A separate 
binding post is provided for making connections 
to the chassis, The Power Supply is protected 
against overloads by the automatic current limit- 


er and the overload relay circuits, 


he Power Supply is designed to match other 
{ea equipment lines in practical, low- 
pr rofile styling, including feet for convenient 
stacking, and handles on each side of the cabinet 


Fran wrmtn hi lite, 
ivi YUL LaADLLILY. 


cleaned with soap and water, Since ali regulation 
and calibration controls are on the rear panel, 


they are accessibie without removing the cover, 


Tha rahinoat curfans ic aacily 
ALIDG UCAKMELLOL DOMES AW Yeti y 


Other features include: Meter scales that are 
color matched to the Coarse Voltage andCurrent 


the latect faaturas in 


MED AERO ZUMA OR fee 


range switch markings; 


solid-state circuitry for cool, dependable opera- 
tion; and four-step current limiting, covering a 
range of 50 milliamperes to1.5 amperes, Higher 
output capabilities can also be obtained by con- 
necting additional IP-27 Power Supplies in series 


or parallel, The attractive styling of this Power 
Giamniwv and the eaxvreallent remrlation make it an 


Lid Sl lt A ABA ULES VU Css ssl 2 Ute ewrse seein 


ideal instrument for both the laboratory and the 
modern repair shop, 


\Refer to the "Kit Builders Guide" for complete | 
information on unpacking, parts identification, 


Loa me : 
tools, wiring, soldering, and step-by-step “S 


sembly procedures, 
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PARTS LIST 


The numbers in parentheses are keyed to the numbers on To order repiacement parts, refer to the Replacement Parts 
the Parts Pictorial (fold-out from Page 5). Price List and use the Parts Order Form furnished with this 
kit. 
PART PARTS DESCRIPTION PART PARTS DESCRIPTION 
No, Per Kit No, Per Kit 
ECISTADS Mehav BDaei atarv oe 
IX be WEW TF WI WLIGE AGoivtwvi wv 
(5) 3-1-5 1 2500 2 5% 7 watt wire- 
1/2 Watt 10% wound resistor 
(i)1i-4i1 2 10 & (brown-biack-biack) (6) 9-9 1 500 © thermistor 
1-13 1 2700 2 (red-violet-red) 
1-16 1 4700 Q (ye llow-violet-red) 7 a 
1-23 2 27 KQ = (red-violet-orange) CAPACITORS 
1-27 1 150 KQ (brown-green- 
yellow) (7) 21-16 1 .O1 pfd disc 
(8) 27-34 1 .2 fd resin 
1/2 Watt 5% (9) 25-56 1 100 ufd electrolytic, 10 V 
1-130 i _ d (10) 25-128 1 100 ufd electrolytic, 50 V 
Vea 5 8.2 © (eray-red-gold) (11) 25-131 1 250 ufd electrolytic, 25 V 
, an * Te ANN RES OE ONES ROR (12) 25-121 1 500 pfd electrolytic, 50 V 
Nise 2 160 & (brown-blue-brown) (13)25-177 1 3000 ufd oloctrotytic, "5 V 
1-137 18 200 © (red-black-browa) = (44)95-178 1 100-40-40 fd electrolytic 
1-80 a 1200 & (brown-red-red) 
WIRE-WOUND CONTROLS 
2 Wait 10% 
(2)1-19-2 1 1200 Q (brown-red-red) 09). i ato 
1-17-2 1 6800 Q (blue-gray-red) (1@)11.74 1 BNO 
11-44 2 1000 2 
2 Watt 5% SWITCHES 
(3)3-2-2* 3 .33 Q (orange-orange- 
21.9 ' silver. gold) an aan (1'7) 63-437 1 4-position 2-wafer rotary 
vos s * o0e se \BPay-PeG-Suver—-sosG) (18)63-438 i li-position 4-wafer rotary 
3-3-2 1 2.7 Q (red-violet-gold-gold) (19) 60-20 1 TPNT slide 


(20)60-34 TPDT rocker 


*NOTE: These resistors are 2 watt wire-wound (21)61-9 
resistors, but are the same size as 1 watt nuts ana a iockwasher) 
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Precision 1/2 Watt 1% 

(4)2-94 1 12 (22) 417-20 2 2N2553/R265A/2N1039-1 
2-130 1 22 transistor 
2-163 1 72 (23)417-141 2 2N2869/2N301 transistor 
2-229 1 2.0 2 417-142 i DTG-600 transistor 
2.259 1 97 2 (24)57-27 8 Silicon diode 
2-165 1 4950 Q (25)56-13 1 56 V zener diode 
2-50 1 10 KQ 56-68 1 68 V zener diode 
2-166 1 35 KQ (26)56-48 1 110 V zener diode 


Daca A ————S EE 
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PART PARTS DESCRIPTION PART PARTS DESCRIPTION 

No, Per Kit No, Per Kit 
SOCKETS-TERMINAL STRIPS-F USEHOLDER 


Wire Harness-Wire-Sleeving (cont’d.) 


(27)434-102 2 Small transistor socket 344.52 i Smaii red wire 
[92\A42A 9 Taree transistor socket 24454 1 Small yellow wire 
(a0) ‘tot 117 rw) aL a Us sens eres tw Vad ve 

(29)431-50 1 1-lug terminal strip 344.56 1 Small blue wire 
(30) 431-51 1 2-lug terminal strip 340-2 1 Bare wire 

(31) 431-41 i 2-lug terminal strip 346-1 1 Sleeving 
(32)431-5 2 4-lug terminal strip 

(33)431-11 1 5-lug terminal strip HARDWARE 

(34) 431-45 2 6-lug terminal strip 

(35)431-35 1 7-lug terminal strip #2 Hardware 

(36) 422-1 1 Fuseholder (42)250-175 11 2-56 x 3/8" screw 


INSULA TORS-GROMMETS 


Waa ww kt 
PB Pp oO 
oS ee 
oc) Og DO r+ 


heb DO 4 CO OO 


ae ea 


Mica insulator 
Transistor insulator case 
Capacitor mounting wafer 


1/2" grommet 
Line cord strain relief, flat 


Large black wire 
Large red wire 
Large brown Wire 
Small black wire 


(43) 254-7 11 
(44)252-51 11 


#6 Hardware 
(45)250-229 8 


(46)250-303 4 
(47)250-270 4 
(48)250-89 21 
{49\250-26 13 
(50)250-304 4 
(51)250-227 2 
(52)250-365 4 
(53)254-1 38 
(54)259-1 4 
(55)253-1 1 
(56)253-2 1 
(57)255-13 2 
(58)255-15 2 
(59)255-1 4 
(60)255-74 6 


(61)252-3 29 


#3 lockwasher 
2-56 nut 


6-32 x 1/4" phillips head 
screw 

6-32 x1/4" decorative screw 
6-32 x 3/8" black screw 
6-32 x 3/8" screw 


2.99 w F/M anvaw 
Uerva fa us/ VU Dow di & ¥¥ 


6-32 x 3/8" stud 

6-32 x 7/8" phillips head 
screw 

#6 x 1/4" sheet metal screw 
#6 lockwasher 

#6 solder lug 

#6 flat fiber washer 

#6 shoulder fiber washer 
#6 x 1/4" spacer 

#6 x 1/2" spacer 


Ineulator cace ¢ 


S240 MARCA VON sp 


(thick) 
Insulator case spacer 
(thin) 


6-32 nut 
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PART PARTS DESCRIPTION PART PARTS DESCRIPTION 
_No, Per Kit No, Per Kit 
#8 Hardware MISCELLANEOUS 
(B9\9ORN 197 fad a = 9/0 aD 
(OG jadveKLoi 10) 8-32 x 0/O screw 
(63)254-2 6 #8 lockwasher Electrical Components 
(64)252-4 6 8-32 nut 54-180 1 Power transformer 
(81) 69-13 i Relay 
Other Hardw ware 407-120 1 Meter 
(65)253-10 4 Control washer (82) 412-15 2 Neon lamp 
(66)254~4 3 Control lockwasher (83) 413-10 1 Red lens 
(AT\9ORA_I1N 1 GC Amdee AT eatdnen Issn A412 14 4 Awrkhavr lana 
(YU fyodvurw ly a VOHLPOL SO1ger lug Ca 4 AM OeY 1e6nS 
(68)252-7 4 Control nut (84) 421-25 1 1-1/2 ampere slow-blow 
(69)252-32 2 Push-on speednut fuse 
89-23 i Line cord 
432-27 1 Line cord adapter 
METAL PARTS 
Chassis-Cabinet Parts Other Components 
(7\9ne_ane 4 Pennt nana (85) 211-33 2 Handle 
\ivyavorteig mF Front panel 
(71)203-477 1 Rear panel (86) 462-245 4 Knob 
(72)200-484 1 Chassis (87) 455-50 4 Knob bushing 
fmakan 5 ois gd -« (QQVANN7 9 9 DinAtann “wn ant 
(73)204- 767 2 Siderail \vusy zatwo oO pmaimng POSL base 
(74)204-759-1 4 End cap (89)75-17 6 Binding post bushing 
(75)90-350-2 2 Cabinet half shell (90)100-16-2 2 Binding post cap (black) 
(76)210-35 1 Bezel 100-16-18 1 Binding post cap (red) 
(91) 261-28 4 Stick-on rubber foot 
(92) 261-30 2 Line cord retainer 
(93) 490-5 1 Nut starter 
Other Metal Parts (94) 352-13 1 Silicone grease 
(77) 205-545 1 Heat sink plate 597-260 1 Parts Order Form 
(78) 204-565 1 Relay mounting bracket 597-308 1 Kit Builders Guide 
(79)207-2 1 Capacitor mounting clamp 391-34 i Biue and white label 
(80) 260-24 1 Diode clip 1 Manual (See front cover for 


part number,) 
Solder 


( ) Turn each control and switch shaft to its 
full counterclockwise position, 


lower 
Lo. in ite oe 
nters at 


the 7 o'clock position 


( ) With the bushings installed on them, remove 
the two lower knobs, Press the knob bush- 
ings firmly into these knobs with the handle 
of a screwdriver, 


— 
~— 


_., 
er 


knob lightly on each of the two 


Install a 


powers is £ 


upper controls (Coarse) with the pointer at 
the full counterclockwise position, 


Turn each upper knob clockwise to see if 
the pointer lines up with each switch mark- 
ing, 


ame, 
~~ 


If the pointers line up properly, press the 
knobs firmly onto the bushings and then 
the knobs with their bushings, 


Lew ses Paes asCan LO ae tere Seo 


romMmoaryoa 
hw ALS YU 


Press the bushings firmly into the knobs 
with a screwdriver handle, then reinstall 
the knobs, If a pointer does not line up 
properly, perform the next three steps, 


NOTE: It is not necessary to perform the next 
three steps if the pointer lines up properly at 
each switch marking, 


1, ( ) Turn the knob pointer to a mid-position 
marking on the panel, 
2. ( ) Remove the knob from the bushing and 


turn it slightly to line up the pointer 


"at. AP. 2 8 wee SH ee Te 
Will) ULe fiGeDPOSiuiOll MlaDAliiE, 


Press the knob slightly onto the knob 
bushing, Then turn the knob to each 


switch pos iti 
wo YY AEWA hws 


alignment, If more thana slight error is 
noticed at either end position, repeat 


a “ete 


these three steps, 


ion and recheck the pointer 


Bak Mae LO pe ws 


( ) When the pointer lines up properly with the 


switch positions, remove the knob and bush- 
ine toeether and press the bushing firmly 


Coated a] NS py he Maa ES oo | 


into the knob with a screwdriver handle, 
Then replace the knob on the shaft, 


This completes the assembly of your Heathkit 
Regulated Low Voltage Power Supply. Carefully 
inspect ali connections for loose wires or un- 
soldered joints, Remove any wire clippings or 


solder splashes that may be lodged i in the wiring, 
Do not install the two R255A transistors until 


Att SnatmantoaAn tn dan DunrasdA ta tha 
you are ynstructea to Gao so. PLUUCCCU LO UL 


Initial Tests And Adjustments section, 


INITIAL TESTS AND ADJUSTMENTS 


ESISTANCE TESTS 


te 
wiring error could permanently damage the tran- 
at Aan Ana 


at nwo aN 


{ oe id MLO UC Ss. | 


( ) Make sure the transformer leads that go to 
the rear wafer on the COARSE VOLTAGE 


audtétnah ava annnan toad tn tha fallauwing ardar: 
Switcn alc connectéa £11 UL LULLU Wille ULuUCL, 


Starting at the lower left side of the switch 
as you view the switch from the rear, you 
shouid find red/green, green/biack, red/ 
black, gray, yellow/blue, yellow/red, yel- 


low/green, ‘yellow/ black, green, and blue, 
The blue lead should be followed by the large 


Refer to Figures 1 and 2 (fold-out from Page 
43) for Jocation of the controis on the front and 


rear panels of the Power Supply, 
rear panels of the Fo pply, 


ARSE VOLTAGE: AC OFF, 


ARSE CURRENT: 1.5 a. 
VOLTAGE: fully counterclockwise. 


NE CURRENT: fully counterclockwise. 
RESET-STANDBY: down, 


CTIDRENT_ VOT TAGE: VOT TAGE 
Wad SEAT 


CURR Le ee ee ee ee ro’ 


INE 
I 


( ) Place the rear panel METER switch in 
NORMAT, vcositio 


Ct ee ae hed 


Ta _ ag, 21 
‘ i 
HBATHEKIT'| Be ° 


you 1 OF 
wv Vv 


initial tests are not within +20% o 


n 
he 
given in the steps, refer to the In C 
Difficulty section of this Manual, After the 
ficulty has been located and repaired, return 
to this part of the Manual and complete the 


Resistance Tests, 


NOTE: A Power Supply front panel meter indi- 


cation will be given in each of the next few steps, 


is a T+ 
This meter indication is for VTVM and volt- 


ohm-milliammeter readings only, If a Heathkit 
Model IM-25 Solid-State VOM is being used, the 
Power Supply meter will only show a slight up- 
ward deflection for each of these measurements 


because the Ohms test voltage is very low, 


IMPORT 


ANT?T. Fan mann creting an 
AYER WLLL CLAY 1 17) 


U Will be Measuring re- 
sistance in semiconductor circuits, you must be 
sure of the polarity of your ohmmeter test leads, 
To do this, perform the next four steps, 


1, Turn your ohmmeter range switch to its 
highest resistance range; then connect its 


tact Taadae to tha tarminala nn the mat 
teSt 1e€aGas tO tne terminais On the met 


the Power Supply, 


i) 
ry 


Change the ohmmeter range switch to suc- 
cessively lower ranges until the Power Sup- 
ply meter begins to deflect in either direc- 
tion, 


3. If the Power Supply meter deflects up-scale, 
the lead that is connected to the + meter 
terminal is the positive ohmmeter lead, and 
the other is the negative ohmmeter lead, 
If the meter deflects to the left, the ohm- 
meter leads are reversed, 


4, Disconnect the ohmmeter leads from the 
Power Supply meter, 


— 
a 


Connect the negative ohmmeter lead to the 
negative (-) Power Supply binding post, and 
connect the positive ohmmeter lead to the 
ohmmeter “should indicate TOO 2 and the 
Power Supply meter should deflect upwards 


tn ahnut onoe_fourth of full arala 
CU AMYUME VILE TEU ULE Uh LULL OULALT, 


—_ 


~~ 


Sard 


~— 


atan ahnrwiiA 
meter Snouia 


the previous step, 


Turn the COA E witch to the 
5-10 V range, Resista should increase to 
15 KQ and the Power Supply meter reading 


should decrease, 


COARSE VOLTAGE switch to the 


et eS Bie SANA Oats UL ULL 


10-15 V position. The resistance indication 


he COARSE VOLTAGE switch to the 
V position, The resistance should in- 
e to 47 KQ, andthe Power Supply meter 


ase co we wr 


deflection should decrease, 


Slowly turn the COARSE VOLTAGE switch 
through each of the remaining positions, The 


mamain 


athe ahrauta at AY WO anA tho” 
resistance Snoula LAUllaill at Ire shun ana TLLe 
Power Supply meter reading should remain 
about the Same, 


Return the COARSE VOLTAGE switch tothe 
AC OFF position, 


Place the RESET-STANDBY switch in the 
DC ON position, The ohmmeter reading 
should decrease to around 500 ©, then 
Slowly increase to over 1100 2 as 500 ufd 
capacitor C9 charges, 


Connect the negative ohmmeter lead to the 
chassis and touch the positive ohmmeter 
lead alternately to one of the mounting 
screws on each of the transistors on the 


Power Supply rear panel, Readingsfrom all 
screws to the chassis should show infinite 


eed earn 
{ Y Marnh tha wnnaiti~en chymoatavr laadA ta tha NOTT. Tr the fallaguing tacte oowre ur VW rhante the 
\ J UNUM LIC PUSLLAVOE UIT LeL Lcd LUO Uo Wouadt. if] THE TOLLOWINn 1 ete) ts, yuu will ClCe ule 
positive 4) Power Supply binding post, Re- resistance at each lug on terminal strip CE 
sistance should again be infinite, Refer to Pictorial 12 (fold-out from Page 26) 
to identify the terminai strip lug numbers, 
All resistance values are in ohms, 
( ) Check the resistance across 3000 ufdelec- ; ; 
trolytic capacitor C5, With the ohmmeter The following resistance checks can be made 
leads properly polarized, resistance should with the ohmmeter in an 11 megohm input 
be very low at first, and then increase to VTVM, or the ohmmeter in a 20,000 {2/voit- 
pee FAnG oO. ka OR ha AnaAveed ohm- mitliamrnioter: The Heathkit Model IM.25 
Uved Aor wd ap Mw pecomes Ulla Boe 
Solid-State VOM may also be used, You will 
note that different resistance readings are 
aghacwm in eanma inatannna Fawn ananh tema nf nhm 
maid Wil, ail OULLIT LHOLALL OS, 40/h CALL LYpPo sb Uliiiin 
( ) Connect the negative ohmmeter lead to the meter, These differences are due to the semi- 
negative (-) Power Supply binding post, conductors in the Power Supply, which respond 


with different resistances as they are activated 
by the different test voltage from each type of 


wae Meee ast PO Ye 2h V54i TALS 


ohmmeter, 


| | RESISTANCE VALUES, AS MEASURED on: | 
| i 
f es | | | | 
()2 | RX 100 | 450 | 425 | 325 
I ( ) 3 | RX 100 | 500-1600 | 500-1200 | 500-1300 | 
[ ()4 |  RxX100 | 2000 ° | 1800 | 4900 | 
()5 RX 100 | 340 | 350 | 375 
; | | | | [ 
| ( ) 6 |  RX100 | 500-1600 | 500-1200 | 500-1300 =| 
I ()7 | RX 100 | 1100 | 1200 | 1300 | 


This completes the Resistance Tests, Disconnect 
t 


sc 
he ohmmeter from the Power Supply. 
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CALIBRATION ADJUSTMENTS 


( ) Cut each fead of two R265A transistor 


re} 
oN SS phwran es LoS aaa 


(#417-20) to a length of 7/32" from the 
transistor body as shown in Detail 13B, 


| | ae 


Detail 13B 


( ) Install the two R265A transistors in the 
sockets at @2 and Q3, See Figure 1 (fold-out 


yn Pace 43) 
rom rage 435), 


( ) Set the front panel controls and switches of 
the Power Supply as follows: 


COARSE VOLTAGE: AC OFF, 
COARSE CURRENT: 1,5 a, 

FINE VOLTAGE: center of rotation, 
FINE CURRENT: fully clockwise, 


CURRENT-VOLTAGE: VOLTAGE, 
RESET-STANDBY: down, 


( ) Set the controls and switches on the rear 
panel as follows: 


ZENER CURRENT - fully coun 
VOLTAGE CALIBRATE - ce fie ofr 
METER - ZENER CURRENT posi ae on 


DC REGULATION - 1/9 from fu 


1/0 turn from 
clockwise position, 


__s 
ae 


Adj ust the meter pointer to zero, if neces- 
sary, Ww with a small screwdriver, 


; a milials Bela So 


( ) Plug the line cord into a standard AC outlet, 
the COARSE VOLTAGE switch to the 


volt position, 


NOTE: When the METER switch is inits present 
ZENER CURRENT position, the front panel 
meter will indicate 5 milliamperes of current 
at its full scale position, 


202 Sle ieitehedeetel 


( 


“~~ 


o—~ 


) 


Noe” 


~—— 


Adjust the ZENER CURRENT control for a 
reading of approximateiy 4 miliiamperes on 
the meter, This setting is not critical be- 
cause there may be some warm-up drift, 


wanes Saal AD TY D aa tt 
rear panel wat TER switch to 


NORMAL aed the RESET-STANDBY switch 
to DC ON, 


: 
; 
ra 


forth ana wateli the eaetern: The voltage read- 
ing should swing from almost zero to more 
than full scaie, If operation appears normal, 
continue with the following steps, If there ap- 


pears to be any difficulty, refer to the In 
Case Of Difficulty section of the Manual, 


Set the FINE VOLTAGE control at the full 
clockwise position, 


( ) Place the COARSE VOLTAGE switch in the 
45-50 V position, Then adjust the VOLTAGE 
Cc A TIDRATT ananntunt fav a fall anata road 

ARLE has LULL Us LU aia scare 4 caging 
on the meter, 

( ) Piace the rear panei METER switch in the 
ZENER CURRENT position, 

( ) Adjust the ZENER CURRENT control for a 
current of 5 milliamperes, as indicated on 
on the meter, 

NOTE: The setting of the ZENER CURRENT 

control is not critical, The current may vary 

depending on line voltage, warm up, andloads on 
the Power Supply. 


~~, 


) 


Return the rear panel METER switch tothe 
NORMAL position, If necessary, readjust 
the VOLTAGE CALIBRATE control for a 
full.scale reading, Repeat this step and pre- 
vious two steps until each position of the 


meter switch gives the correct indication, 
pava tha METER switch in NORM AT, pos 


Le eave te Pop es WA_tUib L141 i4 Vatad Sb. 


sition. 
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DC REGULATION CONTROL ADJUSTMENT ( ) Connect the load between the negative (-) and 


The following method of setting the DC REGU- 


L ATI ON control will neoavida 


a decree afa tability 
WALL AVL vy 


fe bar YWLAL K+ we Vide a Mu Ay DLA 


that is adequate for all but the most exacting 
requirements, When adjusted by this method, the 
Power Supply's regulation characteristics are as 
shown in Figure 3, If greater accuracy is de. 


sired, you can obtain it by using a differential 
voltmeter, instead Of ane front pene? meter, to 


mA AN OI ae aa4 +1, 
measure tne output v Lt 


that will Wi 
a ¥V¥ 


at 15 volts, This load value 
10 Q resistor rated at 22-1/2 watts or 
greater, If such a resistor is not available, 
an ordinary electric flatiron will present a 


load that is sufficiently correct for this 
purpose (10 to 15 9), 


FINA! 
roa 


Refer to Pictorial 14 for the following steps, 


( ) Thread four 6-32 x 3/8" studs into the un- 
wmaad halaa in tha aidaraila Tiahtan tha 
LU Tek wa © 9 OSE 8 wie) dil Ll WML ALE, i aQiiter til 
studs fully, 

( ) Remove the tape froma plastic handle, Then 
install the handle on one siderail with the 
grain side out, Use two 6-32 x 1/4" deco- 
rative screws and two end caps, as shownin 
the Pictorial Tightantha edecora ive screws 

BULLY A LAdy RAL UL AL ie 


. ignten 


with a penny, 


ASCE 
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positive (+) terminals of the Power Supply. 


Set the front panel controls of the Power 
Supply as follows: 


COARSE VOLTAGE: 10-15, 
COARSE CURRENT: 1.5 a, 


FINE CURRENT: maximum clockwise, 
CURRENT-VOLTAGE: VOLTAGE 


{ S AAdiiat tha NO BYCTIT ATINNA anwtent an tha 
\ ? fAUyUde ALLT 2, £2007 UY LI 2 ALN UCULILE UL UI tlic 
rear panel until there is no difference in the 


meter reading between loaded and unloaded 
conditions, This is the point of optimum 
regulation, 


This completes the Calibration procedure, 


Riv 


iVi aw Le I 


— 
— 


In a like manner, install the other handle and 
end caps on the opposite side of the case, 


( \ Tratall four rubber faat no a nahinet gif 
\ J atitadii AVL A UME AGC Uli A UHbditet L144 
shell as shown in the Pictorial, Remove the 


mounting them on the half shell, 


Position the cabinet half shell, with the slop- 
ing edge toward the front, on the bottom of 
tan Dawrar Gamwnter BPaatan it with frAiim A 99 = 
UulLo £UWEL puppy. LhaASCCLI Le WLLLLUUL Um A 


1/4" phillips head screws, 


———— 
<3 HEATHEIT® 
( ) In 2 like manner, 


Tr install the tan anh ne et 
half Shell as shown on the 


Wi VAMLLITL 
Pictorial, 
NOTE: The blue and white identification iabei 
that is installed in the next step shows the 
Model number and Production Series number 
of your kit, Refer to these numbers in any com~- 
munications wi 
sures you that you will receive the most complete 
and up-to-date information in return, 


( ) Carefully peel away the paper backing f iroin 


the blue and white identification label, Then 
press the label firmly into place onthe rear 
panei, 


This completes the Final Assembly of your 
Regulated Power Supply. 
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OPERATION 


Before you attempt to use your Regulated Low 
Voltage Supply, be sure to become familiar with 


its omoeratina char acteristics and features. Thi 
HS Operating Cnaracteristics ang teatures, inis 


will help you put the Power Supply to its fullest 
use, It would also be helpful to read the Circuit 
Description, 


READING THE METER 


The front panel meter has a 0-15 scale printed 
in black, and a 0-50 scale printed in red, The 


COARSE CURRENT and COARSE VOLTAGE 
switches have some ranges printed in black and 
others in red, Voltage or current is read on 
the meter scale that matches the switch position 


color, 


All voltage ranges except the ,5-5 are read 
directly on the appropriate meter Scale, The 
o-5 volt range reads on the red 0-50 scale, 
with the zero dropped, Thus, a reading of 40 


would indicate 4,0 volts, 


The 50 ma current range is read directly on the 
red 0-50 scale, The 150 ma and 500 ma current 
ranges are read on the 15 and 50 scales, re- 


spectively, by placing a zero after the meter 
reading, To read the 1.5 ampere range, use the 
15 scale and move the decimal one place to the 
left, For example, a reading of 10 on the black 
scale, in the 1.5 ampere range, would indicate 
1,0 amperes, 


NORMAL OPERATION 


1. Position the front panel controls and 


TAGE: AC OFF, 
Rp 


TNT- 1 Ra far 
Vad a 


AN ds dgu al 


than the xpected load). 
FINE VOLTAGE: full counterclockwise, 
FINE CURRENT: full clockwise, 
CURRENT-VOLTAGE: VOLTAGE, 


RESE T-STANDBY: DC ON, 


a 
wt 


2, Adjust the COARSE VOLTAGE andthe FINE 
VOLTAGE for the exact voltage you desire, 


3. Place the RESET-STANDBY in the RESET- 


STANDBY position, 
4, Connect the load to the positive G) and 
negative (~) binding posts, 
ce Mt1.4., thea DWYAMM AMAATAVDOG ~-1s4t7h 245 4h 
Us FIdACe uUle NBL SPSLlLANYDY SWIC Lil tne 


DATT anntesn Toianiwit 
7 oO iS contr O1 COUTnTET~ 


clockwise until the current begins to de- 
crease, Then turn the control clockwise to 
just beyond the point where current begins 
to decrease, This is the correct operating 


point for the load, 


iustment with 


B a tment with 
a current adjustment, as in “the previous step, 
If you do not and the current limit is set too 
iow, your Circuit will not operate properly due 
to a lack of sufficient current, If the current 
limit is set too high, current overloads could 


damage your circuits, 


is) 
a) 


ch voltage 
wa Wats wa 


It would be wise to frequently scan the Power 
Supply meter during operation for any changes in 


at nH ris ttn 


load char acteristics, 


For higher current loads, two or more Power 


Supplies can be connecte di in parallel as shown 
in Firure 4, Parallel connectionis accompli 


ate 2 ate © OAs BAe ae eee Vee a an ae 


as described in the following steps, 
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LOAD 
Figure 4 

Set the COARSE VOLTAGE and CURRENT 5. If there are more than two Power Supplies 
switches to identical ranges on each Power being connected in parallel, repeat the pre- 
Supply, The range should match the current vious step until all Power Supplies pave been 
and voltage to be supplied, adjusted for no change in the connected and 


ad eae each Power Supply as 
co et the load at this time, 


Connect together: the Deeslive (-) binding 


Touch the positive (+) lead of one Power 
Supply to the positive lead of another Power 
Supply and note whether a voltage change 
occurs on either meter, Then, ifnecessary, 
adjust the FINE VOLTAGE control onone of 
the Supplies until there is no change in the 
voltage indication, on either meter, between 
the connected and disconnected condition of 


the positive leads, 


disconnected voltage indication, 


6. Adjust the current controis on each Power 
Supply so as to split the load evenly between 
each supply, once the known load require- 
ments have been established, 


This is the proper operating condition for Power 
Supplies in parallel, Remember that each time 
you change the voltage setting of one of the 
Power Supplies, you must also change the others 
by an equal amount or one Power Supply may 


load the others, 


in series ‘for voltages greater than 50 volts, 
The correct method of connecting Power Supplies 
for series operation is shown in Figure 5, 
Current control settings should be identical in 
each series unit, but voltage control settings can 


be distributed between the Power Supplies as 
desired. The following precautions should be 


MU sk Wits fA slaw BN ha TE AES We Ws RA ae ee Ne 


observed when connecting Power Supplies for 
series operation: 


1. Be sure to have a common ground con- 
nection between each Power Supply and the 
unit being supplied with power, This common 
ground occurs automatically if all units use 


Ve eee ae ¥ Nessa eS 


3- wire line cords, If all units do not use 
3-wire line cords, connect the ground ( = ~) 
hhiindcinn hrnat am ale weoaw Chew... Tee 


Af nA 
WALI PUet UL Cab £ower VUuUpPiy to we 


chassis of the unit being supplied with power, 


its ee Ci 
OD ~9- 2 | 
* a“ . “ AESET-STANOBY 
(X\ (@)\ | 
a @ ela + | 
CURRENT opis VOLTAGE all [oer if il if 
HEATHKIT REGULATED L ¥ POWER SUPPLY 


i 3 


2, Use the RESET-STANDBY switch in both 
Power Supplies to turn on or to interrupt 


miashenast aerplitnnn an current 


tne O1 tput vO oltage and CUrrellt, 


OTE: The “hot"' end of a series string of 
Power Supplies can he at either the most 


positive or “the most negative point, depending 
on which Power Supply lug is connected to the 


ings, While is a relatively small error on 
the higher current ranges, it is worth consider- 
ing when reading curren nts of less than 150 ma, 
The actual current supplied is 2 ma less than 


that read on the meter, 


a | 
5 | 
Se a 
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Figure 5 


The Power Supply will furnish a maximum cur- 
rent of 1,5 amperes, This means that you should 
not attempt to operate a load that requires 1,5 
amperes under "no signal" conditions, as the 
current limiter circuit inthe Power Supply would 
automatically cut the Power Supply offas the load 
began drawing more than 1,5 amperes under sig- 
nal conditions, For example, assume that a tran- 
sistorized audio amplifier requires 1,0 amperes 


under no-sional ernnditions Tf 9 sinn waren ia 
mee wi SAT eee WY REMALLAUILIIg® 22 Oh OLLIOD WAVo 1D 


applied to the amplifier, the current demand on 
the Power Supply will also vary in a sine wave 
fashion, With a 1,0 ampere no-signal level, the 
current drain can vary .5 ampere ‘without limit- 


ing in the Power Supply, However, should the 
Signal vary the current demand more than ,5 
amnana tha Dawn GQaanwter eet 1t 2 

AiIpeLre, wit £OWwelL Ssupp.y Willi clip. This con- 
dition can be minimized by connecting a very 
large capacitor (1000 ufd or more) across the 
output of the Power Supply, The capacitor will 
discharge into the Inad durine tha limiting narisd 


ee Wave ARN NEAR NG RNTCANS MENA RAE CLE SdASS SCALE PU LL 


and, therefore, reduce the clipping action, 


CAUTION: When using ne aAtee capacitor, the 


at ha ai charged before 
capacitor Must oe completely aiscnarge VOLUL 


it is connected across the output of the Power 
Supply. Always start the Power Supply with the 
COARSE VOLTAGE switch at the lowest range 
and slowly increase the voltage to the desired 
level, This will prevent any high current surge 
that may cause the overload relay in the Power 


Supply to open, 


The overload relay keeps low resistance and 
short circuited loads from damaging the Power 
Supply, This relay automatically opens up the 


DC “current path (ahead of the current limiter 
stage) in the Power Supply when the current 


tenet b anne terme ei etee. fe pera ltas 


he overioad relay may not always operate, 
action is not needed, below 10 volt out- 


eens oe Rew av VVAY Vue 


Is, Any overloads that begin to occur at 
these low ‘Te evels can be handled by the current 


DC REGULATION CONTROL 


On rare occasions, at some specific voltage, it 


may be desirable to have a voltage regulation 
that will produce eae than the specified +15 


mitli¢ntlta nha wolt fu taal 
MmMiliil VOitS cnange in output voltage il om no 10aaq. 


to full load. In this event, simply adjust the 
DC REGULATION control at the desired voltage 
for identical readings at the no load and full 


load conditions, This settine of the control. will 
CAMA WEA VSI LIW sg bal on} ho 


sacrifice regulation at other voltages, so be sure 
to return the control to its original setting after 
this application is completed, 


INI CA SE 
IIN VAOL 


1. Recheck the wiring. Trace each lead in 
colored pencil on the Pictorial as it is check- 
ed, It is frequently helpful to have a friend 


chaclk your work, Someone who is notfami- 


Wed Uae View eg Re eee ae Bae an ke eee 


liar with the unit may notice something 
consistently overlooked by the builder, 


2, About 90% of the kits that are returned for 
n 


repair, do not function properly due topoor 


operly due to poor 
connections and soldering, Therefore, many 
troubles can be eliminated by reheating all 
connections to make sure tha 


dered as described in the Soldering section 
of the Kit Builders Guide, 


at they are sol- 


4, Check for bits of solder, wire ends or other 
foreign matter which may be lodged in the 


Wi ring 
Tee nee 


5. If, after careful checks, the trouble is still 


nant tAanatad anA a waAltmoatan ia arvailnhia 
AV LULU ALOU ALI G@ YUL OUL 2 AY Me, 


check voltage readings against those shown 
on the Schematic Diagram, NOTE: All volt- 


age readings were taken with an ili megohm 
input vacuum tube voltmeter, Voltages may 


vary as much as +10%, 


6. A review of the Circuit Description may help 
you locate the trouble, 


NOTE: In an extreme case where you are unable to resolve a 
difficulty, refer ta the Seryvine and Warranty secon af the 
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“Kit Builders Guide”, and to the “Factory Repair Service” 
information below. 


FACTORY REPAIR SERVICE 


You can return your completed kit to the Heath 
Company Service Department to have it repaired 
for a minimum service fee, (Kits that have been 
modified will not be accepted for repair.) If you 
wish, you can deliver your kit to anearby Heath 


Authorized Service Center These centers are 


To be eligible for replacement parts under the 
terms of the warranty, equipment returned for 
factory repair service, or delivered to a Heath 
Authorized Service Center, must he accomnanied 


ees 2) Re aU NS set we asset we AVA lll 


by the invoice or the sales slip, or a copy of 
either, If you send the original invoice or sales 


eli, ito wilt ha vwaturned <7, 
Siip, it Will pe returnea to you, 


ee rn ~ mlieraw trees let 
If it is not convenient to deliver your ki 


Heath Authorized Service Center, please ship it 
to the factory at Benton Harbor, Michigan and 
follow the following shipping instructions: 


© 
99 


Prepare a letter in duplicate, containing the 
following information: 


Your name and return address, 
Date of purchase, 

A brief description of t 
The invoice or sales 


east beet eded 


either, 
* Your authorization to ship the repaired 


vinit rank tao tan 


biz Welt 


fan thea aartrina 


wo yuu C.O.D. 20D UlCO STI VICES 
and shipping charges, plus the cost of 
parts not covered by the warranty, 


one copy of 


aging, so that. we do not overlook this impor- 


+ t inf +5 S q 
tant information, Send the second copy of the 


letter by separate mail to Heath Company, 
Attention: Service Department, Benton Harbor, 
Michigan, 


Check the equipment to see that all parts and 
screws are in place, (Do not include wooden 


eahinata whan chinninge ransivara 
We CARIES ED ¥WWAEWas Whdd jp sti AWWA we wy 


plifiers, or TV sets, as these are easily 
damaged in shipment,) Then, wrap the equip- 
ment in heavy paper, Place the equipment in 
a strong carton, and put at least THREE 
INCHES of resilient packing material (shredded 
paper, excelsior, etc.) on all sides, between 
the equinment and the carton. Seal the carton 


Mba Ws daa wiae Vea Ad Vibe 


with gummed paper tape, and tie it with a 


hinara am 
Rehthiw bh ys etassa 


strong cord, Ship it by prepaid express, United 
Parcel Service, or insured parcel post to 


He ath Company 
S e Department 
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TROUBLESHOOTING CHART 


| High output voltage, or no 1, Faulty transistor Q2 or Q3. | 
( response from FINE VOLTAGE | 2. Zener diode Z1, | 
control, 3. Zener diode Z2, I 
| Normal output voltage with no | 1, Faulty transistor Q3, | 
| load, dropping to a low value | | 
or zero with load, 
: Low output voltage, or no re- | 1, Zener diode Z1, | 
sponse funn, TINT VOFYTTaAcn 2] Fananv Atras 79 
PUMST ADO Pang VU Ao Le Sener UlOUE G24, 
| control, 3. Transistor Q2, | 
f | 4, Diodes D1, D2, D3, D4, DS, or D6. | 
i | 5. Bias supply for transistor Q1, | 


High zener current or low | 1, Zener diode Z1 | 
f zener current, | ae Zener diode 22, | 
Q Sah Am Tauey saAltagws 
Ue High Vb LUW line VULILARU, 
| 4, Resistors Rl, R2. ; 
| Loss of current limiting, 1, Transistor Ql, | 
d ] 2. Diode D7, f 
j Relay pulls in on any load at | 1. Transistor Q2. | 
over 6 volts, 
| Relay chatters or clicks on | 1, Transistor Q4 or Q5, | 
| and off, | 2. Transistor Q2, I 


| Power supply oscillates, | 1, Capacitor C9, | 

| Resistor R12 (.82 2) burns, | 1, Transistors Q1, Q4, or Q5 shorted to | 

| | chassis through mica insulator, | 
2, Short circuit at output binding posts, 

| | 3. Capacitor C9 [ 


f Poor or no regulation, | 1. Diode D7, | 
2. Transistor Q2, 

| 3, Transistor Q3. | 

| | 4, Transistors Q1, Q4, or Q5 shorted to chas- 


: Sis through mica insulator, | 


Load Regulation, ....cerevcccvvecscvcecs 


Line Regulationy «6:6: «6-6 # ok w/e eee ee ww we 


Ripple and NoOISes. ows 64 6a 6 ee ee Cee ee Os 
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Output Impedance, . wees vvvccvrvvervees 


Meter DSU ZC os Gig vaca ah wife: arches ede uel Saree We wren be 


Mete ltag R nges, ose ere ee ee see eee e 
Dawar eaninramante 
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DIMenSlOnS 4-6 e455 66 0 ae oe Se ee a 
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no load to full load, for output of eae 0 volts 


DC, Can be adjusted for no variation at a given 


Less than ,05% change in output voltage with a 
5% change in line voltage, 


250 microvolts maximum, 


microsecond 


at 
102 U0SCCUMU at 


4 — 
eS 4iLis 


Less than ,075 2 from DC to 10 kHz, 
Less than ,3 92 above 10 kHz, 


3-1/2", 


105-125 volts. or 210-250 volts. 50/60 Hz. 135 
Awe i ¥ ating Wh aA IY VN ae ws VY satis ave 
watts at full load (50 V at 1.5 a), : 


The Heath Company reserves the right to discon- 
tinue instruments and to change ppeciie ations at 
any time without incur ring any obligation to 


incorporate new features in instruments pre- 
viously sold, 


THEORY OF OPERATION 


ations for a perfect power supply would 
incl a zero internal resistance, a feature that 
is theoretically ideal but not pr actically possible, 

When a load is connected to the output terminals, 

tha voltare taondatndna a ctuntAthaAinnewnaaan 4 
MID VULLARS tenGcs to aGecreaseée que tote incr easea 
current flow through the internal resistance, A 
common example of this loss due to the internal 


resistance of a power supply can be seen when 


the lights on a car dim as the engine is being 
started, The automobile storage battery, whichis 


the power supply inthis case, contains enough i in- 
ternal resistance to present reduced voltage to 
tan nan Aning tha ha miammant aa far 

LLID Lal auing tic neavy CULL ene ar ainage ir om 
the starter motor, This reduced voltage causes 
the lights to dim, 


A regulated Power Supply is designed to simulate 
an ideal zero internal resistance condition, This 


is done by using automatic correction (regulat- 
ing) crews to hold the output voltage at a con- 


I > 


Fiaure 6 
a 


In Figure 6, line A represents the output of a 
typical power supply, As the current (I) in- 
creases, the voltage (E) BECTEESEE. Line B 
repr resents a regulated Power Supply where the 
voltage remains constant with increasing cur- 
rent, Figure 7 shows a basic voltage regulated 
power supply, where Es is a DC voltage source, 
and R; is the internal resistance of the voltage 
source, Erer is anindependent reference volt- 
ad source of the same voltage as desired from 
the output, When a load, R., is applied to the 
output terminals, current flows. This current 
flow causes a voltage drop across Ry; and Rr, 
with an attendant voltage drop between the (+) 
+ 


| 
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At the same time, the difference voltage, Ep, 


$£3 A Ths at 
occurs at the input of amplifier fe, ank1S Gir 


ference is amplified in A to produce a usable 
error signal, The error signal is then trans- 
ferred to some form of variable resistance, 
such as a transistor (Re), in series with the 


Ph ALPS ESLUIL fy at OA 4 ae Yee 


load path, 
Now, when the output voltage starts to decrease, 


the error voltage causes resistance Re to de- 
crease also, This causes less voltage to be 


dropped across Rr and compensates for the 
voltage drop across R;:, Thus, when the voltage 


YATES wee Ne ane, BAe HAD VALOR 


drop across R, increases, the ‘voltage across Rr 
dec eases by an equal amount and the output 


held 


held at the same level, 


point to remember is that a eee system of 


the correct value and speed can be made to 
perform the regulating function, It can also be 


seen that the original supply voltage must be 
considerably higher than the desired output 
voltage, in order to compensate for the voltage 
drop in series resistance R, 
sistance R,, 


drawn from a regulated 
to protect both the load pie the Seale The 


current curve for such a condition is shown in 
Figure 8, where the voltage remains constant 


baat elated aod 


for all currents up to a predetermined value 
and hen drops, while the current remains 


| CURRENT INDICATOR LAMP ] | COARSE CURRENT SWITCH } | VOLTAGE INDICATOR LAMP } 


When lit - shows that Meter is Provides coarse selection of cur- | When lit - shows that Meter is | 


voading Curren 


+ Bot Se the ee ae = 
| reading Current, j | rent limiting point, j reading Vol 


age, 


ST] | [ | COARSE VOLTAGE SWITCH 
_—, Selects coarse output range, Also 


switches AC Power On-Off, 
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| METER CURRENT-VOLTAGE SWITCH FINE CURRENT CONTROL 


Reads Output voltage or load cur- Switches meter to read either cur- Provides fine adjustment of current- 
rent (or Zener current as selected rent or voltage. limiting point. 
lane muito, an none sanal) ___ 
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METER SWITCH 


Zener current measuring circuit 


for adiustment | 
| ior aGjustment, | 


| Transfers meter from Output to 


Adjusts maximum Output voltage, 


Adjusts point of optimum regulation, 
| 


| Adjusts for optimum Zener current, 


sists of the following five major circuits: 
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Current limiter 
Voltage regulator 


Reference voltage source 
Meterine circuits 
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Each of these circuits will be described sepa- 
od oak. MaAfn-. 44, thea Dinnle Nida nwerawnm FATA Anat 
Falely. MCice tO tHe DLOCK Lidkiaid (YOGLuU-UUE 
from this Page), and to the Schematic Diagram 
(fold-out from Page 51), while you read this Cir- 
cuit Description, 


POWER SOURCE 


eae ee ee ~~ a 


the power tr ansformer 


5 volt or in 1 series for operation from 
0 volt 50/60 Hz AC source, 


A multi-tap secondary winding on the trans- 
former supplies the voltage and current that 
later becomes the regulated output, The taps 
are selected by one section of the Coarse Voltage 


switch (CV- 4FR), The voltage at any given tap 
is higher than the output voltage for that switch 


e power disgination 


e there is som 
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nnaition inn 
pOSilei0L, since there 


in the regulator circuits, 


Power dissipation i is minimized by controlling 
the source voltage with the 10-step Coarse Volt- 
age switch, Thus, the regulator circuits need 
only operate over a small range in any switch 


The selected transformer voltage is changed to 


TWO Groin Fulll wade vrantifiayr cireuit that annsaistea 
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of diodes D3 through D6, Capacitor C5 filters 
the DC voltage, while bleeder resistor R6 pro- 


vides a constant load to rapidly drop the voltage 
when the Coarse Voltage switch is changed to a 


lower range, 


CURRENT LIMITING 
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or can be controlled 
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remains s very low up to a certain po oint, a then 
increases very rapidly as the base voltage de- 


AOA oAS 


creases, 


Figure 9 is a simplified schematic of the current 
limiting circuit. In this diagram, the Coarse 
Current switch and resistors R77, RR R10 R11 


MAR Oost STE EE CASA AOS I OA ALU, Stay thd, 


and R12, are represented by Ree, The limiter 
bias supply that consists of a T-volt winding on 
transformer Ti, diode D2, filter capacitor C4, 
and Resistor R4, provides a bias voltage to the 


base of transistor Ql for normal operation, 


LIMITER BIAS 
POWER SUPPLY 


CURRENT 


During normal operating conditions, the voltage 
drop from emitter to collector of Qi is very 
small while across the hase to emitter the dron is 
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2 volt, Diode D7 will not conduct unless ,.6 
volt appears across it, 


If the current drain from the main voltage source 
rises sufficiently to cause a drop of .4 volt across 
Rec, this voltage adds to the .2 voltfrom emitter 
to ba sein@1. Now. with the total of .6 volt across 
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diode D7, it begins to conduct and reduces the 
base voltage of Q1 sufficiently to cause its emit- 
ter to collector resistance to rise sharply, This 
increase in the resistance (and the voltage drop) 
across the emitter to collector of Q1 reduces 


the current flow, and current limiting occurs, 


The Coarse Current switch is used to select the 
proper resistance for Rec to set one of four cur- 
rent ranges, while Fine Current control R5 is 
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used to adjust the current within the range selec- 
tad olker tha aaitnh Tate thas ~ees4 

cu OMY tie SWitctn, Note that Rec is shown in 
parallel with the Fine Current control in Figure 


9 to simplify the description, The schematic 


The current limiting circuit and transistor @1 


will handle overloads that are small or at low 


voltage settings, However, the heat caused by 
severe overloads could quickly destroy Qi, 

therefore a a apr otective relay is used, The coil of 
this relay is connected between the reference 
voltage power supply and the output terminal, If 
the output voltage drops, due to the limiting ac- 


tion of trancictor Q1 1, diode D8 eonduects current 


eV Wh Oh sees WANE er SO ee SO a a Dt 


from the reference voltage power supply through 
the relay coil, When sufficient current flows to 
produce about 4 volts across the coil, the relay 
contacts open the source voltage circuit ahead of 


the current limiter, 


When the ovarin 
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is changed to the Re set- _Standby position, capac 
itor C8 charges to operating voltage from the 
reference voltage power supply, Without a suf- 
ficient voltage drop across the relay coil, its 


contacts return to normal and reconnect the main 
voltage supply to the output terminals, 


VOLTAGE REGULATOR 


In the voltage regulator circuit shown in Figure 
10, the voltage from the main power supply is 
compared with a constant reference voltage in 
an error detector transistor, Any difference he- 
tween the supply and reference voltage is ampli-~ 
fied by transistor Q3, which controls a pair of 
series regulator transistors to restore the cor- 


rect voltage output. 


Error detector transistor Q2 has its emitter 


connected to the main supply voltace. and its 
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base connected to a constant reference voltage, 
If the main supply voltage decreases, the col- 
lector current in Q2 also decreases, This causes 
a proportionate voltage decrease at the base and 
emitter of Q3, and at the bases of series regu- 
lator transistors Q4 and Q5, With the decreased 
base voltage on these transistors. the effective 
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resistance (and the voltage drop) between their 
emitters and collectors decreases to restore the 
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utput voltage to nearly its original value, 


An increase in the main supply voltage would 
cause the opposite action to occur to reduce the 
output voltage to nearly its original value, In 
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either case, the regulator action takes place in 
a matter of microseconds, 
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Figure 10 


An increase in current drain could still cause a 
decrease in the voltage output because ofthe in- 
ternal resistance of the regulator circuit, There- 
fore, positive feedback (regeneration) is used 
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to further reduce the effective internal resist- 
ance to zero under this condition. 


The circuit shown in Figure 11 provides positive 
feedback around error detector transistor Q2 in 


the following manner: An increase in load current 
causes a greater voltage difference across re- 


sistor R24 and DC Regulation control R23, A 


portion of this voltage difference is coupled 


through R25 to the base of Q2 which in turn de- 


creases the internal resistance of the Power 
Supply by reducing the series resistance of 


regulator transistors @4 and @5, The DC Regu- 
lation control is adjusted to provide a balanced 


output voltage under full current load and min- 
imum current load conditions, 


mistor is physically located to sense any tem- 


-perature changes in Q5, and automatically ad- 


justs the bias to compensate for these changes, 
Resistor R51 and R52 help to equalize the emitter 
currents in Q4 and Q5, 
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Resistor R22 and capacitor C7? form a suppressor 
network to control the speed at which the error 
detector reacts to a change in terminal voltage, 
This prevents the regulator circuit from over- 
responding to sudden momentary changes in the 
output voltage, Capacitor C9 provides further 
stability to the regulator circuits and reduces 
the AC impedance of the output, Capacitor C10 
filters any high frequencies at the output ter- 


minals, 
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Figure 11 


REFERENCE VOLTAGE POWER SUPPLY 
A DC reference of 50 volts is produced by the 
reference voltage power supply. Voltage regu- 


lation in this supply is obtained from zener 


diodes Z1, Z2, and Z3, The regulated DC volt- 


age from the reference supply is used primarily 
to furnish error detector transistor Q2 with a 
reference voltage, This standard voltage is used 
to sense incorrect output from the power supply 


and regulate the voltage drop across transistors 
@4 and Q5, 


The AC voltage from the reference voltage 
winding of the bower transformer is rectified 
by diode D1 and filtered by capacitor Ci and re- 
sistor R1, The DC voltage is first regulated at 
110 volts by zener diode Z1, than at 68 volts by 


zener diode 23, and given additional filtering 
2 


capacitors C2 and C3 
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hy react 
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The stabilized voltage is applied to zener diode 
Z2 through resistors RQ and R13, and Zener 


Current Adjust control R3, which are in series 
with the diode, The current in Z2 is adjusted to 
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around 5 ina, the diodes optimum Operating point, 
R13 is a meter shunt for measuring zener cur- 
rent, 
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the regulated voltage across diode Z2 and 
esistor R13 is then applied to Voltage Calibrate 


control R14, Control Ri is adjusted so exactly 
50 volts is applied across wafer CV-3R of the 


Coarse Voltage switch, Fine Voltage control 


R31, and wafer CV-2F of the Coarse Voltage 
switch, which is connected to the negative (-) out- 
put terminal, These two switch sections select 


any 6 volt portion of the 50 volts and apply it 
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across the Fine Voltage control, The desired 
reference voltage is then coupled from the arm 
of this control, through the relay coil, to the 
base of error detector transistor Q2, where the 
output voltage of the Power Supply is regulated 


to essentially the same voltage level, 
METER CIRCUIT 


The meter is used to monitor either the output 
voltage, the output curr ent, or the zener diode 
(Z2) current, Two switches, the Meter switch 
on the rear panel and the Current- Voltage switch 
on the front panel, determine which function the 


eral vyva Thon matar ta firat ann 
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matar 
trolled by the rear panel Meter switch, which has 
two positions, In the Normal position, the meter 


is connected to the Current-Voitage switch, In 


r oh ad 
sistor R32 in series with, it, is connected in 
parallel with resistor R13 to measure the 
current of zener diode Z2, 


The Current-Voltage switch inthe Current posi- 
tion, connects the meter across wafer CC-1 of 
the Coarse Current switch, This wafer selects 
the proper milliammeter shunt resistors (R16 
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through “R21) for each of the four current ranges: 
50 ma, 150 ma, 500 ma, and1,5 a, 


In the Voltage position of the Current-Voltage 
switch, sections CV-1F andCV-1Rof the Coarse 
Voltage switch select the proper calibrating 
resistors for each voltage range, The proper 
resistors are then connected in series with 
the meter between the negative (-) and the 


positive (+) output terminals, 


A separate section of the Current- Voltage switch 
applies 120 VAC across either the current or 


voltage front panel indicator lamp. This section 
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of the switch has shorting type (make before 
break) contacts so that at least one lamp is on 
whenever the Power Supply is on, 
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To order parts, use the Parts Order Form fur- 

nished with this kit, If Parts Order Form is not 

available, refer to Replacement Parts in the Kit 

Builders Guide, 

PART PRICE DESCRIPTION 

No, Each 

RESISTORS 

1/2 Watt 10% 

1-41 10 10 2 

1-13 olf 2700 2 

1-16 10 4700 2 

1-23 10 27 KQ 

1-27 wae) 150 K& 

1/2 W att 5% 

1-130 10 8,2 & 

1-54 .10 15 2 

1-136 10 160 2 

1-137 .10 200 2 

1-80 15 1200 Q 

2 Watt 10% 

1-19-2 220 1200 Q 

1~-17-2 20 6800 2 

2 Watt 5% 

3-2-2 WAS) waa & 

3-1-2 225 282 2 

3-3-2 025 ot & 


Anza 


500 @ thermistor 
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Tit ww? F Piiwh, 
PART RICE 
No, Each 
fADACITAnNE 
ww AE Mw TI WA 
21-16 10 
27-34 ays) 
25-56 245 
25-128 095 
25-131 .90 
25-121 1,35 
25-177 4.20 
25-178 1.75 
WIRE-WOUND CO 
11-77 1.25 
11-76 1,25 
11-74 10 
11-44 45 
SWITCHES 
63-437 2,40 
63-438 5,00 
60-20 005 
60-34 085 
61-9 1,20 


01 ufd disc 
2 fd resin 
100 pufd electrolytic, 10 
100 pfd electrolytic, 50 
250 pfd electrolytic, 25 
500 pfd electrolytic, 50 


are 


3000 pfd electrolytic, 75 
100-40-40 ufd electrolytic 


sdadd< 


4-position 2-wafer rotary 
11-position 4-wafer rotary 


TPDT slide 
TPDT rocker 


SDT thegetio fuith two 1/91! 
Meee LOR BIC (with uw 4/4 


nuts and a lockwasher) 


TRANSISTORS-DIODES 


417-20 
417-141 
417-142 
57-27 
56-13 
56-68 
56-48 


2.70 
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2N2553/R265A/2N1039-1 
transistor 
2N2869/2N301 transistor 
DTG-600 transistor 
Silicon diode 

56 V zener diode 

68 V zener diode 

110 V zener diode 


SOCKETS-TERMINAL STRIPS-FUSEHOLDER 


al : ket 
arge ¢ transistor socke t 
lug terminal strip 
lug terminal strip 
lug terminal strip 


& 


lug terminal strip 
lug terminal strip 
lug terminal strip 
lug terminal strip 


La 
1- 
2~ 
2- 
4. 
5- 
6- 
T- 
Fuseholder 
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DESCRIPTION 


INSUL ATORS-GROMMETS 


75-60 
75-88 
481-3 


73-45 
75-71 


10 
10 


Mica insulator 
Transistor insulator case 
Capacitor mounting wafer 
1/2" grommet 


Line cord strain relief, flat 


WIRE HARNESS-WIRE-SLEEVING 


134-151 3,15 
344-2 .05/ft 
344-3 .05/ft 
344.31 .05/ft 
344-50 .05/ft 
344-52 .05/ft 
344.54 .05/ft 
344-56 .05/ft 
340-2 .05/ft 
346-1 .05/it 
HARDWARE 

#2 Hardware 
250-175 205 
254-7 205 
252-51 .05 


#6 Hardware 


250-229 


JDRN_ BN 
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250-270 


Aen an 


a1 ow 
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205 


Wire harness 
Tapes plaek wire 
Large Goan wire 
Small black wire 
Small red wire 


Small vellow wire 
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Small blue wire 
Bare wire 


a1 eevi iv an 
pieeving 


Fete 


2-56 x 3/8"' screw 


#3 lockwasher 
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2-56 nut 


6-32 x 1/4" phillips head 
screw 

290 21 /AM Annnentien annaw 
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x 3/8" black screw 
6-32 x 3/8" screw 

6-32 x 5/8" screw 

6-32 x 3/8" stud 

6-32 x 7/8" phillips head 
screw 

He <a 4 f/AI ahant wantal annaw 
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#6 lockwasher 

#6 solder lug 

#6 flat fiber washer 

#8 shoulder fiber washer 


Wess Mve 24 A WALL & 


#6 x 1/4" spacer 
#6 x 1/2" spacer 
Insulator case Spacer (thick) 
Insulator case spacer (thin) 


6-32 nut 


PART PRICE 
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#8 Hardware 


250-137 05 
254-2 .05 
252-4 105 
Other Hardware 
253-10 05 
254-4 .05 
299-10 05 
252-7 05 
252-32 05 
METAL PARTS 
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DESCRIPTION 


8-32 x 3/8" screw 
#8 og veenes 
Q_ 


Control washer 
Control lockwasher 
Control soider lug 
Control nut 


Push-on speednut 


Chassis-Cabinet Parts 


203-476 
203-477 
200-484 
204-767 


ONA We 


Q 
204-759-1 


1.20 
ise 
1.15 

-40 


an 
LV 


99-350-2 3.40 


210-35 


Other Metal Parts 


3.75 


Front panel 
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Chassis 
Siderail 
End cap 
Cabinet half s 
Bezel 


shell 


205-545 20 Heat sink plate 
204-565 10 Relay mounting bracket 
207-2 -20 Capacitor mounting clamp 
260-24 230 Diode clip 
MISCELLANEOUS 
Electrical Components 
54-180 10,60 Power transformer 
69-13 3.40 Relay 
407-120 8,60 Meter 
412-15 Ps Neon lamp 
413-10 10 Red lens 
413-14 .30 Amber lens 
421-25 230 1-1/2 ampere slow-blow 
fuse 
89-23 280 Line cord 
432-27 .40 Line cord adapter 


PART PRICE 


No, 


Other Components 


211-33 -40 
462-245 60 
455-50 210 
427-3 15 
75-17 10 


oo 417 
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100-16-18 .10 


Each 


DESCRIPTION 


Other Components (cont'd.} 


DESCRIPTION PART PRICE 
No, Each 
Handle 261-28 10 
Knob 261-30 .10 
Knob bushing 490-5 10 
Binding post base 352-13 15 
Binding post bushing 331-6 215 


1 
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DIMGWM POst Cap (VidCHK} a,UU 
Binding post cap (red) 


Stick-on rubber foot 
Line cord retainer 
Nut starter 
Silicone grease 
Solder 

anua e front cover for 
part number, ) 


The above prices apply only on purchases from 
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destination, Add 10% (minimum 25 cents) to the 
price when ordering from an authorized Service 
Center or Heathkit Electronic Center to cover 
local sales tax, postage and handling, Outside 
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the U.S,A, parts and service are available from 
your local Heathkit source and will reflect addi- 
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FOR 210-250 VAC 


NOTES: 9. ROTARY SWITCHES ARE SHOWN IN MAXIMUM COUNTERCLOCKWISE POSITION, AND ARE 
MARKED AS IN THE FOLLOWING EXAMPLE: mee 
CV MEANS THIS IS A PART OF THE COARSE VOLTAGE SWITCH SCHEMATIC OF 
THIS NUMBER INDICATES THE SWITCH WAFER AS COUNTED FROM 
1. ALL RESISTORS ARE 1/2 WATT UNLESS OTHERWISE MARKED, a NUMBER INDIC HEATHKIT” 
2. ALL CAPACITORS ARE IN ufd, thy by 
5 CV-IF = FRONT R =REAR FR = FRONT AND REAR REGULATED 


CINDIC ATES A DC VOLTAGE MEASUREMENT FROM POINT INDICATED 
TO NEGATIVE (-] OUTPUT TERMINAL, 


ALL VOLTAGES WERE MEASURED WITH NO LOAD ON THE OUTPUT 


| 25-5 10 | 14 6 
ALL VOLTAGES WERE MEASURED WITH & VTVM, AND MAY VARY £10%, $-190 15 21 10 
TO-15 f 20 28 18 | 


POSITION E3 L.V. POWER SU 
OF CV 


E1 E2 
VOLTS VOLTS 


MODEL IP-27 


ALL SWITCHES ARE SHOWN IN THE FULLY COUNTERCLOCKWISE POSITION, 1$-20 25 35 20 
4S VIEWED FROM THE KNOB END OF THE SHAFT, 20-25 29 41 25 
25-30 33 47 EN) 
ARROWS ON CONTROLS AND SWITCHES INDICATE CLOCKWISE ROTATION, 39-35 38 54 33 
35-40 43 60 40 
CONTROLS AND SWITCHES ARE SET AS FOLLOWS FOR VOLTAGE 40-45 4? 68 4s 
MEASUREMENTS: H 45-59 83 74 so 
COARSE VOLTAGE -5-5 VOLTS Set controls and switches as in NOTES 
COARSE CURRENT 1.54 except for Coarse Voltage switch, 
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